Bauxite waste, known as red mud, is produced in some industrial processes, such as aluminum production process. In this process, the waste material is produced from leached bauxite as a by product. In this research, the removal of Acid Blue 92 (AB92) dye was investigated from aqueous solution onto the activated bauxite waste (red mud) in a batch equilibration system. Besides, the influences of pH, adsorbent dosage, contact time, initial concentration of dye and temperature have been considered. It was found that the OH group is an effective functional group for the adsorption process. The intensity of the peaks correspond to OH group has been significantly climbed after the activation process. The adsorption kinetics of AB92 can be well described by the pseudo-second-order reaction model. Based on the isotherm data obtained from the fittings of the adsorption kinetics, the Langmuir model appears to fit the adsorption process better than the Freundlich and Brunauer-Emmett-Teller (BET) models.
INTRODUCTION
Color is one of the characteristics of an effluent which is easily detected and readily traced back to its source. Most of dyes resist against the biological degradation processes.
People are reluctant to consume colored water for drinking and other purposes even when it is not harmful. Dyes affect the nature of water by inhibiting sunlight penetration and declining photosynthetic action. Furthermore, most of dyes are carcinogenic and mutagenic (Namasivayam & Arasi 1996) . Some dyes may cause allergy, skin irritation and cancer to humans (Doulati Ardejani et al. 2008) . It is therefore, essential to eliminate dyes from aqueous solutions.
There are three categories for treatment of the colored wastewater. These categories are physical, chemical and biological methods (Tsai et al. 2004) . As a physical and sometimes chemical process, adsorption technology is generally considered to be an effective method to immediately lower the concentrations of dissolved dyes in an effluent (Reife & Freeman 1996) . In this regard, activated carbon has been extensively used for the removal of different classes of dyes, but it is too exorbitant. Hence, numerous low-cost adsorbents have been proposed, including chitosan (Chiou & Li 2003) , zeolite (Armagan et al. 2004) , green alga (Aksu & Tezer 2005) , sepiolite (Ozcan & Ozcan 2005) , orange peel , fly ash (Rao & Rao 2006 ) and almond shells (Doulati Ardejani et al. 2008) .
In recent decays, Industrial waste materials have been converted to a big problem, especially in industrial countries. Bauxite waste, known as red mud, is one of these waste materials. It is produced in bauxite treatment during alumina production process. This material, as by product, causes a big storage problem in alumina plants (Brunori et al. 2005; Poulin et al. 2008) . Any process that can help us to find an application for this by product and changes it from a waste to added value is useful. Singh et al. (1988) found that red mud is suitable as an adsorbent to remove 1-butanethiol from diesel oil doi: 10.2166/wst.2010.514 (Singh et al. 1988) . They showed that calcinations could increase the adsorption capacity of red mud and they determined that 7008C is the optimum temperature of this process. Wang et al. (2005) 
2008)
, and building material additive (Somlai et al. 2008) .
In the present study, the possibility of utilization of an activated red mud was analyzed as an adsorbent for the removal of AB92 dye from aqueous solutions. AB92 dye (Cyanine Acid Blue R) is an anionic dye and has many applications in various industries. It is applying for wool, nylon, silk, paper, ink, aluminum, detergent, wood, fur, cosmetics and biological stain (Blue 2010) . However, there is no any official document for its worldwide consumption, but its wide applications are a vigorous reason to choose it as a contaminant in industrial wastewater. Equilibrium data were attempted by various adsorption isotherms, including Langmuir, Freundlich and BrunauerEmmett-Teller (BET) isotherm models.
MATERIALS AND METHODS

Materials
All used chemicals were analytical grade except red mud. More specifications of AB92 dye have been presented in Table 1 .
Preparation of adsorbent
The red mud was thoroughly washed with water until it became neutral and was dried at 608C for 3 h. The powder was subjected to acidic solution with 20% wt HCl and was boiled for 20 min to be activated. It was then filtered and washed with water and dried at 508C for 2 h (Badii et al. 2009 ). Point of zero charge (PZC) of activated red mud was around 5.0. It was determined by the method described by Mustafa et al. (2002) . A Hach pH meter model ION 156 was used to record pH of the solution.
Adsorption procedure
The adsorption measurements were conducted by mixing various amounts of activated red mud (2 -32 g/L) in stirrer containing a dye solution (75 mg/L) at pH ¼ 2 and temperature 258C for 150 min to attain equilibrium condition. The mixing rate was high enough (.3,000 rpm) to minimize the external mass transfer resistance. The changes in adsorption were determined at certain times (5, 10, 20, 30, 60, 90, 120 and 150 min) during the removal process. 
where, C int and C fin are the initial and final dye concentrations, respectively. The dye concentrations in aqueous medium were determined using CECIL 2021 spectrophotometer corresponding to the maximum wavelength (l max ) of AB92 dye. The calibration curve for spectrophotometer is illustrated in Figure 2 . The extinction coefficient and the R 2 are 0.0214 and 0.9960, respectively.
The higher concentrations have been estimated after dilution.
RESULTS AND DISCUSSION
Effect of particle size Solid materials are normally heterogeneous and their physical specifications would be variable due to their particle size. The surface characteristics of adsorbent such as morphology and pore sizes could be changed widely;
depending upon the particle size (Badii et al. 2010) . The results of adsorption illustrate it clearly.
Effect of activated red mud dosage and contact time
The effect of the activated red mud dosage on the removal of AB92 which was based on the contact time was studied by altering the adsorbent dosage in the range of 2 -32 g/L.
The results are presented in Figure 4 . The dosage 16 g/L activated red mud has the most effective adsorption yield.
Additionally, the adsorption yield rose with the contact time and attained a maximum value at 90 min. This phenomenon is due to a fluid mechanical problem.
By raising the amount of adsorbent, coagulation of the particles would decrease the surface area of the adsorbent and would lessen the capacity of the activated red mud.
Effect of pH
The pH of the solution is an important factor that controls the adsorption process. The effect of pH on the AB92 adsorption by activated red mud was investigated in the pH range of 2-8. Figure 5 shows the AB92 adsorption percentage as a function of pH and contact time. As it is shown in Figure 5 , dye adsorption fell with an increase in pH. The maximum removal took place at pH ¼ 2.
Gibbsite (Al(OH) 3 ) is the main phase of the activated red mud. It would be changed to hexaaquaaluminate (Al(H 2 O) 6 3 þ ) when it was exposed to acid. It would be dissolved in a strong acidic solution in this form, as a complex (Wells 1975) . It seems that the structure and potential of the adsorbent surface has been changed with a declined pH. In addition, the AB92 would be dissolved in solution and its charge would be negative. Therefore, the adsorption would increase with the reduction of pH.
Effect of temperature
The effect of temperature on the AB92 adsorption was Moreover, the activation process had no significant effect on Perovskite. It has remained as a sub-phase after the activation process. High resistance of titanium oxides could be the reason of this feature. However, red mud may lose a large amount of its weight after the activation process.
In addition, Table 2 presents that there is no significant changes in crystalline structure of activated red mud after exposure to AB92 dye. A trace of Diaspore has been found, but it is not so important to interpret. Figure 9 compares the FTIR spectra of the raw red mud and the activated red mud (before and after exposure to AB92).
Analysis of the samples by FTIR
Main peaks were at 568. 42, 619.76, 683.63, 995.22, 1,110.91, 1,400.89 and 3,433.13 for the raw red mud, and the major adsorption bands were observed at 475.75, 561.04, 591.81, 748.83, 798.03, 968.86, 1,074.05, 1,639.23, 3,455.99, 3,525.45, and 3,621 .44 for the activated red mud.
476. 54, 619.58, 693.94, 730.15, 766.66, 802.38, 837.74, 875.82, 1,090.26, 1,639.17 and 3,459.31 were the main peaks after adsorption process by the activated red mud.
The most important and effective functional group is 
where C e is the equilibrium concentration of adsorbate (mg/L), q e is the amount of adsorbed at equilibrium (mg/g),
) and K L (L/mg) are Langmuir constants related to the adsorption capacity and energy, respectively.
When C e /q e is plotted against C e , a straight line is obtained The Freundlich equation has the following general form (Doyurum & Celik 2006; Doulati Ardejani et al. 2008) :
where q e is the amount of adsorbed per until weight (mg/g adsorbent), C e is the equilibrium concentration of adsorbate (mg/L), K F and n are the Freundlich constants.
The third isotherm equation used in this study was the et al. 2008) . The linear form of this model is written as:
where C s is the saturation concentration of dye (mg/L), q m is the amount of dye adsorbed to form a complete monolayer (mg/g), and K b is the constant describing the energy of interaction with the surface.
The empirical parameters for the activated red mud are given in Table 3 . The fitting of experimental data in each isotherm model were examined by calculation of the correlation factor (R 2 ). It was found that the Langmuir model better describes the adsorption than the Freundlich and the BET models according to its correlation factor (R 2 ¼ 0.998).
Consequently, the sorption of AB92 on activated red mud follows the Langmuir isotherm model.
Adsorption kinetics
It is essential to predict the rate at which dye is removed from aqueous solutions in order to design an appropriate treatment system based on adsorption process. Pseudo-first and pseudo-second order models have been applied to describe the adsorption kinetics of AB92 on red mud. The pseudo-first-order model can be represented by the following Lagergren's expression: lnðq e 2 q t Þ ¼ lnq e 2 K 1;ad ðtÞ ð 5Þ
where q e and q t are the amounts of dye adsorbed (mg/g) at equilibrium and at time t (min), respectively, and K 1,ad is the pseudo-first-order rate constant (1/min).
The rate of pseudo-second-order model depends on the amount of dye adsorbed on the surface of the adsorbent and its quantity at equilibrium condition (Gucek et al. 2005) .
This model can be given as follows (Ho & McKay 1998) :
where K 2,ad is the rate constant of pseudo-second-order model (g/mg min).
The kinetics parameters of the pseudo-first-order and pseudo-second-order models of AB92 dye at different pH and temperatures are given in Tables 4 and 5 .
These tables explain that the adsorption kinetics of AB92 by red mud adsorbent can be well described by the pseudo-second-order reaction model at various pH and temperatures. 
Desorption studies
Desorption studies help explaining the mechanism of adsorption, recovery of dye and adsorbent. It assists to design recovery system and make the treatment process more economical. The experiments showed (Table 6 ) that the percentage of desorption increased with a raise in pH.
As expected, this is in contrast with the pH effect on the adsorption process.
CONCLUSIONS
As a low-price adsorbent, the activated red mud was applied to eliminate AB92 dye from a simulated wastewater.
Adsorption process of AB92 dye by activated red mud depends upon different parameters, such as particles size, pH, adsorbent dosage, initial concentration of dye and temperature. The maximum percentage of AB92 removal was 94% which was obtained under normal temperature (258C) and at pH ¼ 2. The removal percentage increased to 100% when temperature rose to 558C. This small change in the percentage removal is negligible with a considerable change in temperature. It was found that the adsorption process with the activated red mud could be well described by the Langmuir isotherm. Moreover, the kinetic studies indicated that a pseudo-second-order model is well fitted to the rate of sorption. In addition, desorption studies presented that the pH reversed the result of the adsorption process. By considering the present findings, it can be stated that the activated red mud is an appropriate adsorbent in order to remove the AB92 dye from aqueous solutions. 
